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57 ABSTRACT 

A course coordinate System processor has a general auto 
mobile control unit, a movement decision unit, and a posi 
tion decision unit. The general automobile control unit 
controls the running of a plurality of general automobiles on 
a Straight road in a course coordinate System. The movement 
decision unit determines whether or not another automobile 
exists in front of an automobile which is under consideration 
for a movement decision. The position decision unit deter 
mines the positional relation between a player's automobile 
and general automobiles in the course coordinate System, 
and also determines general automobiles that are positioned 
in a predetermined visible range of the player's automobile. 
Positional coordinate data of the player's automobile have 
been transformed from a world coordinate System into the 
course coordinate System by a course coordinate System 
transformation unit. 

14 Claims, 8 Drawing Sheets 
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FIG. 3 

WORLD OOORDINATE 
SYSTEM 

  



6,117,008 Sheet 4 of 8 Sep. 12, 2000 U.S. Patent 

FIG. A. 
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FIG. 7 
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DRIVING GAME MACHINE 

This is a division of application Ser. No. 08/711,824, 
filed Sep. 10, 1996 now U.S. Pat. No. 5,772,504. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a driving game machine 
which is played by the player to Simulate the driving of an 
automobile and which displays on a display monitor a 
three-dimensional image that varies depending on the man 
ner in which the simulated automobile is driven by the 
player. 

2. Description of the Related Art 
There have been in widespread use driving game 

machines that are played by the player who is Seated in a 
cockpit equipped with a steering wheel, an accelerator pedal, 
a brake pedal, etc., Similar to the driver's Seat of an actual 
automobile. While Seeing a three-dimensional image dis 
played on a display monitor, the player operates the Steering 
wheel, the accelerator pedal, the brake pedal, etc. to drive a 
Simulated automobile on the display monitor. The display 
monitor displays, on a displayed road, the automobile driven 
by the player, a rival automobile or automobiles competing 
for a driving game, and general automobiles existing as 
obstacles. The automobile driven by the player will be 
referred to as the player's automobile, and the rival and 
general automobiles as other automobiles. 

In a driving game played on the driving game machine, it 
is necessary to display when the player's automobile col 
lides with another automobile, and the other automobiles are 
required to understand their positional relation to each other 
and move based on that understanding. Consequently, the 
positional relation between the player's automobile and the 
other automobiles and also between the other automobiles 
has to be determined each time the image displayed on the 
display monitor is refreshed. The positional relation between 
those displayed automobiles can relatively easily be deter 
mined if the displayed road along which the automobiles 
runs is flat and Straight. 

Usually, however, the displayed road is a three 
dimensional road which has curves and upS and downs, 
because the player would lose interest in the flat and Straight 
road in the driving game. The positional relation between the 
displayed automobiles on Such a three-dimensional road has 
to be determined after the displayed positions of the player's 
and other automobiles are calculated in a three-dimensional 
coordinate System. Therefore, it will take a long period of 
time to determine the positional relation between the dis 
played automobiles on the three-dimensional road. It is 
laborious and time-consuming to produce a program which 
is capable of determining the positional relation on a real 
time basis each time the displayed image is refreshed, 
resulting in a reduction in the efficiency of development of 
driving game machines. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a driving game machine which is capable of quickly and 
easily determining the positional relation between the play 
er's and other automobiles on a real-time basis. 

According to the present invention, there is provided a 
driving game machine comprising three-dimensional data 
memory means for Storing coordinate data of a three 
dimensional road established in a game Space in a three 
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2 
dimensional coordinate System, two-dimensional data 
memory means for Storing coordinate data of a Straight road 
established in a two-dimensional coordinate System in asso 
ciation with the three-dimensional road, player's automobile 
control means for controlling a player's automobile on the 
three-dimensional road as instructed by a player, general 
automobile control means for controlling general automo 
biles on the Straight road, two-dimensional coordinate trans 
forming means for transforming coordinate data of the 
player's automobile on the three-dimensional road into 
coordinate data on the Straight road in the two-dimensional 
coordinate System, and position deciding means for deter 
mining the positional relation between the player's automo 
bile and the general automobiles based on the coordinate 
data on the Straight road in the two-dimensional coordinate 
System. 
The position deciding means comprises means for deter 

mining general automobiles which are positioned in a pre 
determined visible range of the player's automobile, and the 
driving game machine further comprises three-dimensional 
coordinate transforming means for transforming coordinate 
data of the general automobiles which are determined as 
being positioned in the predetermined visible range into 
coordinate data on the three-dimensional road in the three 
dimensional coordinate System; and image display proceSS 
ing means for displaying the player's automobile and the 
general automobiles whose coordinate data have been trans 
formed into the coordinate data on the three-dimensional 
road in the three-dimensional coordinate System, on a dis 
play monitor according to three-dimensional image process 
ing. 
The driving game machine further compriseS rival auto 

mobile control means for controlling a rival automobile on 
the three-dimensional road as instructed by a competing 
player. The two-dimensional coordinate transforming means 
further comprises means for transforming coordinate data of 
the rival automobile on the three-dimensional road into 
coordinate data on the Straight road in the two-dimensional 
coordinate System, and the position deciding means com 
prises means for determining the positional relation between 
the player's automobile and the rival automobile based on 
the coordinate data on the Straight road in the two 
dimensional coordinate System. 

According to the present invention, there is also provided 
a driving game machine comprising player's automobile 
control means for controlling a player's automobile on a 
three-dimensional road in a game Space in a three 
dimensional coordinate System as instructed by a player, 
general automobile control means for controlling general 
automobiles on a Straight road in a two-dimensional coor 
dinate System, which is converted from the three 
dimensional road, two-dimensional coordinate transforming 
means for transforming coordinate data of the player's 
automobile on the three-dimensional road into coordinate 
data on the Straight road in the two-dimensional coordinate 
System, position deciding means for determining the posi 
tional relation between the player's automobile and the 
general automobiles based on the coordinate data on the 
Straight road in the two-dimensional coordinate System, and 
determining general automobiles which are positioned in a 
predetermined visible range of the player's automobile, 
three-dimensional coordinate transforming means for trans 
forming coordinate data of the general automobiles which 
are determined as being positioned in the predetermined 
Visible range into coordinate data on the three-dimensional 
road in the three-dimensional coordinate System, and image 
display processing means for displaying the player's auto 
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mobile and the general automobiles whose coordinate data 
have been transformed into the coordinate data on the 
three-dimensional road in the image space in the three 
dimensional coordinate System. The driving game machine 
further compriseS rival automobile control means for con 
trolling a rival automobile on the three-dimensional road as 
instructed a competing player, wherein the two-dimensional 
coordinate transforming means further comprises means for 
transforming coordinate data of the rival automobile on the 
three-dimensional road into coordinate data on the Straight 
road in the two-dimensional coordinate System, and the 
position deciding means comprises means for determining 
the positional relation between the player's automobile and 
the rival automobile based on the coordinate data on the 
Straight road in the two-dimensional coordinate System. 

The above and other objects, features, and advantages of 
the present invention will become apparent from the fol 
lowing description when taken in conjunction with the 
accompanying drawings which illustrate a preferred 
embodiment of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a driving game machine 
according to the present invention; 

FIG. 2 is a diagram showing a field of a driving game 
played on the driving game machine; 

FIG. 2A shows a three-dimensional word coordinate 
System; 

FIG. 2B shows a three-coordinate local coordinate sys 
tem, 

FIG. 3 is a diagram showing a portion of a circuit road 
which is divided into road models, 

FIG. 4 is a diagram showing a hypothetical Straight road 
that is converted from the circuit road along a center line 
thereof; 

FIG. 5 is a block diagram of a control system of the 
driving game machine; 

FIG. 6 is a flowchart of a Sequence of making a movement 
decision; 

FIG. 7 is a flowchart of an operation sequence of the 
driving game machine; and 

FIG. 8 is a flowchart of a conversion Subroutine in the 
operation Sequence shown in FIG. 7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

AS shown in FIG. 1, a driving game machine according to 
the present invention generally comprises a cockpit 1 and a 
display monitor 2. The cockpit 1 has a driver's Seat 3, a 
Steering wheel 4, an accelerator pedal 5, a brake pedal 6, and 
a gear change lever 7, Similar to the driver's Seat of an actual 
automobile. The cockpit 1 also has a coin insertion slot 8 for 
inserting a coin therethrough, positioned in front of the 
left-hand side of the driver's seat 3, and a start Switch 9 
positioned on the right-hand Side of the Steering wheel 4. 
The display monitor 2 is located in front of the cockpit 1 at 
a position that can easily be viewed by the player who is 
seated on the driver's seat 3. The display monitor 2 may 
comprise a CRT (cathode-ray tube), an LCD (liquid crystal 
display), a projector, or the like for displaying images 
thereon. 

Coordinate Systems used in an image processing proceSS 
for a driving game played on the driving game machine and 
a Summary of Such a driving game will be described below 
with reference to FIGS. 2 through 4. 
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4 
FIG. 2 schematically shows a field 11 of a driving game 

played on the driving game machine. The field 11 shown in 
FIG. 2 represents an entire Space that is expressed by a 
computer graphic image, and includes a circuit road 12 
extending Substantially along peripheral edges of the field 11 
and models (not shown) of buildings and other objects 
placed along the circuit road 12. FIG.3 fragmentarily shows 
the circuit road 12. As shown in FIG. 3, the circuit road 12 
has a start point and is divided into road models CD, (2), (3), 
(4), (5), S Spaced by respective distances from the start 
point. Each of the road models CD, (2), (3), (4), (5), (6) is 
an individual object that is displayed as a computer graphic 
image. 
FIG.2A also shows a three-dimensional world coordinate 

system (X, Y, Z) which is established in the field 11 in its 
entirety, and FIG. 2B shows a three-dimensional local 
coordinate System (x, y, z) which is established in a partial 
space in the field 11. Each of the road models CD, S. (3), 

, (5), (6) and the models of buildings and other objects is 
described using its own inherent local coordinate System (X, 
y, z). 

FIG. 4 illustrates a hypothetical straight road 120 that in 
converted from the circuit road 12 along a center line 
thereof. A two-dimensional course coordinate System (x, y) 
shown in FIG. 4 is established on the straight road 120. The 
two-dimensional course coordinate System (x, y) has y 
coordinates which represent distances along the Straight road 
120 from the start point, and X coordinates which represent 
transverse positions across the Straight road 120. AS shown 
in FIG. 4, the straight road 120, i.e., the circuit road 12, has 
four lanes. 

In a driving game played on the driving game machine by 
the player Sitting in the cockpit 1, the player controls the 
Steering wheel 4, the accelerator pedal 5, the brake pedal 6, 
and the gear change lever 7, trying to drive the player's 
automobile displayed on the display monitor 2 while passing 
general automobiles displayed on the display monitor 2, on 
the circuit road 12. The general automobiles running on the 
circuit road 12 are controlled by the driving game machine. 
There are several tens of general automobiles established by 
the driving game machine. Depending on the position and 
direction of the player's automobile, the models of buildings 
and other objects along the circuit road 12 and the general 
automobiles, which are positioned within a visible range, are 
displayed on the display monitor 2. 

FIG. 5 shows in block form a control system of the driving 
game machine according to the present invention. 
As shown in FIG. 5, the control system basically com 

prises the display monitor 2, the Start Switch 9, a coin 
detector 21, a driving control assembly 22, a ROM (read 
only memory) 23, a RAM (read-only memory) 24, and a 
controller 25. 

When the start Switch 9 is pressed by the player, the start 
Switch 9 issues a Switch signal to the controller 25. when the 
coin detector 21 detects a coin inserted through the coin 
insertion slot 8, it outputs a coin-detected Signal to the 
controller 25. 
The driving control assembly 22 comprises the Steering 

wheel 4, the accelerator pedal 5, the brake pedal 6, and the 
gear change lever 7. The driving control assembly 22 
Supplies various control data, representing an angular dis 
placement of the Steering wheel 4, depths to which the 
accelerator pedal 5 and the brake pedal 6 are depressed, and 
a gear position Selected by the gear change lever 7, to the 
controller 25 where they are inputted to a player's automo 
bile control unit 255 (described later on). 
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The ROM 23 stores a program of the driving game, 
coordinate data of the field in the world coordinate system 
(X, Y, Z), coordinate data of the models in the local 
coordinate System (x, y, z), course data in the course 
coordinate System (x, y), a program relative to automobile 
behaviors according to the automobile engineering, data 
indicative of the correspondence between the World coordi 
nate System (X, Y, Z) and the local coordinate System (x, y, 
Z), and table data shown in Tables 1 through 3, described 
below. The RAM 24 serves to temporarily store various data. 

The controller 25 comprises a CPU (central processing 
unit), logic circuits, and other circuit elements for control 
ling operation of the driving game machine. The controller 
25 determines whether a coin is inserted into the coin 
insertion slot 8 or not based on the signal from the coin 
detector 21, and also determines whether the start Switch 9 
is pressed by the player or not based on the Signal from the 
start Switch 9. 

The controller 25 has a world coordinate system processor 
251, a course coordinate System processor 252, a course 
coordinate system transformation unit 253, and a world 
coordinate system transformation unit 254. 

The world coordinate system processor 251, which carries 
out control in the world coordinate System (X, Y, Z), has a 
player's automobile control unit 255 and an image display 
processor 256. The course coordinate System processor 252, 
which carries out control in the local coordinate System (X, 
y, z), has a general automobile control unit 257, a movement 
decision unit 258, and a position decision unit 259. 

The player's automobile control unit 255 controls the 
running of the player's automobile based on the various 
control data Supplied from the driving control assembly 22 
according to the program, stored in the ROM 23, relative to 
automobile behaviors according to the automobile engineer 
ing. The course coordinate System transformation unit 253 
transforms the coordinate data relative to the position of the 
player's automobile that is being controlled in the world 
coordinate System (X, Y, Z) into coordinate data in the 
course coordinate System (x, y). 

The general automobile control unit 257 controls the 
running of the general automobiles on the Straight road 120 
(see FIG. 4) in the course coordinate System (X, y) under 
preset conditions with respect to Speeds, lane change 
frequencies, etc. 

Since y coordinates in the course coordinate System (x, y) 
represent distances traveled by the general automobiles 
along the Straight load 120, the general automobile control 
unit 257 can easily determine the positions of the general 
automobiles by adding the product of (sampling interval)x 
(running speed) to the present y coordinates. In addition, 
Since X coordinates in the course coordinate System (x, y) 
represent transverse positions of the general automobiles 
acroSS the Straight road 120, the general automobile control 
unit 257 can easily determine distances that the general 
automobiles have traveled transversely acroSS the Straight 
road 120 Such as for lane changes, by adding or Subtracting 
the product of (sampling interval)x(transversely moving 
Speed) to or from the present X coordinates. 

The position decision unit 259 determines the positional 
relation between the player's automobile and the general 
automobiles for a contact, a collision, etc., and the positional 
relation between the general automobiles, and also deter 
mines general automobileS which are positioned in a pre 
determined visible range of the player's automobile. The 
position decision unit 259 uses the coordinate data trans 
formed by the course coordinate System transformation unit 
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6 
253 as the positional coordinate data of the player's auto 
mobile. The predetermined visible range of the player's 
automobile is defined by left and right angles with respect to 
the direction in which the player's automobile travels, and a 
distance from the player's automobile. 
When the position decision unit 259 determines a contact 

or collision with a general automobile, it delivers a collision 
Signal to the image display processor 256. 
The movement decision unit 258 determines whether the 

player's automobile or another general automobile exists in 
front of a general automobile which is under consideration 
for a movement decision, according to a process shown in 
FIG. 6, using the positional relation determined between the 
player's automobile and the general automobiles and also 
the positional relation between the general automobiles by 
the position decision unit 259. The results determined by the 
movement decision unit 258 are used by the general auto 
mobile control unit 257 to control the running of the general 
automobiles. The movement decision unit 258 may also 
determine whether there is an automobile existing in an 
adjacent lane or not for thereby determining whether the 
general automobile which is under consideration for a 
movement decision can change lanes or not. 
The world coordinate system transformation unit 254 

transforms the positional coordinate data of general auto 
mobiles that are determined to be positioned in the visible 
range of the player's automobile by the position decision 
unit 259, from the course coordinate system (x, y) into the 
world coordinate system (X, Y, Z). 
The image display processor 256 displays the circuit road 

12 (see FIG. 2) in the visible range of the player's 
automobile, the models of the buildings and other objects 
along the circuit road 12, and the general automobiles whose 
positional coordinate data have been transformed into the 
world coordinate System (X, Y, Z), on the display monitor 2 
according to known three-dimensional image processing 
techniques including geometry and rendering processes, 
depending on the position and direction of the player's 
automobile which is controlled by the player's automobile 
control unit 255. when a collision signal is supplied from the 
position decision unit 259, the image display processor 256 
displays a spinning or Vibrating image on the display moni 
tor 2. 

Inasmuch as the position decision unit 259 determines the 
positional relation between the player's automobile and the 
general automobiles and the positional relation between the 
general automobiles, and also determines general automo 
biles which are positioned in the visible range of the player's 
automobile in the two-dimensional course coordinate Sys 
tem (x, y), the position decision unit 259 can easily and 
quickly determine those positional relations. 
The general automobiles are controlled by the course 

coordinate System processor 252, and the positional coor 
dinate data of only those general automobiles which are 
displayed on the display monitor 2 are transformed from the 
two-dimensional course coordinate System (x, y) into the 
three-dimensional world coordinate system (X, Y. Z). 
Therefore, the number of general automobiles that can be 
controlled can be increased without increasing the burden on 
the CPU of the controller 25. The increased number of 
general automobiles makes the driving game more interest 
ing to the player, and also gives a more realistic look to 
three-dimensional images displayed on the display monitor 
2. 
A process of making a movement decision with the 

movement decision unit 258 will be described below with 
reference to FIG. 6. 
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It is assumed that an automobile which is under consid 
eration for a movement decision has coordinates (x, y) in 
the course coordinate System (x, y), an automobile k which 
is not under consideration for a movement decision have 
coordinates (x, y) in the course coordinate System (x, y), 
each lane of the straight road 120 has a width D, and k is an 
integer ranging from 1-n. 
As shown in FIG. 6, the movement decision unit 258 

determines whether or not the difference X-X, between the 
coordinates X, X is equal to or Smaller than the width D in 
a step S1. If the difference X-X, is equal to or Smaller than 
the width D (YES in the step S1), then the movement 
decision unit 258 determines whether or not the coordinate 
y is greater than the coordinate y in a stop S3. If the 
coordinate y are greater than the coordinate y (YES in the 
step S3), then th movement decision unit 258 decides that 
the automobile k is positioned in front of the automobile 
which is under consideration for a movement decision in a 
step S5. 

If the difference X-X is greater than the width D (NO in 
the step S1), then the automobile k is not positioned in the 
Same lane as the automobile which is under consideration 
for a movement decision. If the coordinate y is Smaller than 
the coordinate y (NO in the step S3), then the automobile 
k is not positioned in front of the automobile which is under 
consideration for a movement decision. In either case, the 
movement decision unit 258 decides that the automobile k is 
not positioned in front of the automobile which is under 
consideration for a movement decision in a step S7. 

The above process is effected on other automobiles k 
(1 n) than the automobile which is under consideration for 
a movement decision, So that all automobiles positions in 
front of the automobile which is under consideration for a 
movement decision can be ascertained. 

Heretofore, the above process of making a movement 
decision is the most complex, and contains the largest 
number of processing Steps, of all processes that make up the 
computerized control of the driving game. For driving the 
player's automobile on the display monitor 2 under the 
above preset conditions, it is necessary to determine whether 
another automobile exists on the preset lane or not according 
to the above process of making a movement decision. If the 
positions of the automobile were calculated using three 
dimensional coordinate data and the positional relationship 
between the automobiles were determined and the above 
process of making a movement decision were carried out 
using the calculated positions for displaying a three 
dimensional image, then the program of the driving game 
would be complex and contain a large number of processing 
StepS. 

However, according to the present invention, Since the 
two-dimensional coordinate data in the course coordinate 
system are used by the movement decision unit 258, the 
above process of making a movement decision can be 
carried out easily as shown in FIG. 6. This allows many 
general automobiles, e.g., Several tens of general 
automobiles, to be used in the driving game, making the 
driving game more fun to play than heretofore. 

Operation of the driving game machine according to the 
present invention will be described below with reference to 
FIGS. 7 and 8. 
As shown in FIG. 7, when the driving game machine is 

Switched on, the image display processor 256 displays a 
demonstration image on the display monitor 2 in a Step S11. 
Then, the controller 25 determines whether a coin is inserted 
into the coin insertion slot 8 or not in a step S13. If not 
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8 
inserted (NO in the step S13), then the image display 
processor 256 continuously displays the demonstration 
image on the display monitor 2. If inserted (YES in the step 
S13), then the image display processor 256 displays a startup 
image on the display monitor 2 in a step S15. 

Then, the controller 25 determines whether the start 
switch 9 is pressed or not in a stop S17. If not pressed (NO 
in the step 17), then the image display processor 256 
continuously displays the Startup image on the display 
monitor 2. If pressed (YES in the step S17), then the driving 
game is initiated, and the player operates the Steering wheel 
4, the accelerator pedal 5, the brake pedal 6, and the gear 
change lever 7 of the driving control assembly 22 to drive 
the player's automobile. 

Various control data outputted from the driving control 
assembly 22 are Supplied to the player's automobile control 
unit 255 in a step S19. The player's automobile control unit 
255 effects a Simulation process of Simulating the player's 
automobile based on the automobile engineering according 
to the automobile behavior program stored in the ROM 23 
in a step S21. Positional coordinate data of the player's 
automobile are produced by the player's automobile control 
unit 255 in the Simulation process, and Supplied to the course 
coordinate system transformation unit 253, which trans 
forms the positional coordinate data into positional coordi 
nate data in the course coordinate System (x, y) in a step S23. 

Then, the positional data of the player's automobile in the 
position decision unit 259 are updated in a step S25. The 
general automobile control unit 257 effects a process of 
moving the general automobiles depending on the result 
determined by the movement decision unit 258 in a step S27. 

Thereafter, the position decision unit 259 ascertains gen 
eral automobiles that are positioned in the visible range of 
the player's automobile in a step S29. The world coordinate 
system transformation unit 254 transforms the positional 
coordinate data of the ascertained general automobiles from 
the course coordinate System (x, y) into the world coordinate 
System (X,Y,Z) according to a Subroutine described later on 
in a step S31. 

Then, the image display processor 256 effects a three 
dimensional image process on the positional coordinate data 
of the general automobiles which have been converted into 
the world coordinate system (X,Y,Z) and also the data about 
the position and direction of the player's automobile which 
have been produced in the Simulation process, and displayS 
the player's automobile and the general automobiles on the 
display monitor 2 in a step S33. Then, the controller 25 
determines whether a preset period of time has elapsed from 
the start of the driving game or not in a step S35. If not 
elapsed (No in the step S35), then control returns to the step 
S19 to carry out the steps S19 through S35 to repeat the 
above running control process. If elapsed (YES in the Step 
S35), then control comes to an end. 

FIG. 8 shows the subroutine in the step S31 in greater 
detail. 

First, as shown in FIG. 8, the position decision unit 259 
refers to a road model Search table 1, partly shown below, to 
Search for a road model in which a general automobile is 
positioned, using the coordinate data of the general auto 
mobile in the course coordinate System (x, y) in a step S41. 
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Road Model Search Table 1 

Distance (m) Road model 

O-100 
100-150 
150-200 
200-230 
230-400 
400-500 

The road model search table 1, which is partly shown 
above, is stored in the ROM 23, and represents the associa 
tion between the distance-related groups of they coordinates 
of the Straight road 120 in the course coordinate System (X, 
y) and the road models of the straight road 120. 

Thereafter, in a step S43, the position decision unit 259 
refers to a road model position data table 2, partly shown 
below, to Search for coordinate data in the World coordinate 
system (X,Y,Z) which correspond to the origin of the local 
coordinate System (x, y, z) that describes the road model 
obtained in the step S41. 

Road Model Position Data Table 2 

Road Model Position in world coordinate system 

The road model position data table 2, which is partly 
shown above, is stored in the ROM 23, and represents the 
positional relation between the local coordinate System (x, y, 
Z) which describes the configuration information of each if 
the road models and the world coordinate system (X, Y, Z). 

Then, in a step S45, the position decision unit 259 refers 
to a road model configuration table 3, partly shown below, 
to Search for configuration information of the road model 
obtained in the step S41. 

Road Model Configuration Table 3 

Road Configuration Information 

Road Center of Radius of 
Model Lanes Shape Curvature Curvature 

O 4 Straight 
(2) 4 Left Curve (x2, y2, Z2) r2 
G) 4 Straight 
(4) 4 Right Curve (x, y, Z) I4 
(5) 4 Straight 
(6) 4 Left curve (X6: yo Zo) I6 

The road model shape table 3, which is partly shown 
above, is stored in the ROM 23, and represents the infor 
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10 
mation with respect to the configuration of each of the road 
models. The information with respect to the configuration of 
each of the road models includes the number of lanes, the 
shape, i.e., Straight, left curve, or right curve, and addition 
ally the center and radius of curvature for left and right 
curves in the local coordinate System (x, y, z). 

Then, in a step S47, the position decision unit 259 
calculates coordinate data of the automobile in the local 
coordinate System (x, y, z) of the road model from the 
coordinate data of the automobile in the course coordinate 
System (x, y) and the configuration information obtained in 
the stop S45. 

Finally, in a step S49, the position decision unit 259 
calculates coordinate data of the automobile in the World 
coordinate system (X,Y,Z) from the coordinate data of the 
road model in the world coordinate System (x, y, z), which 
have been obtained in the step S43, and the coordinate data 
of the automobile in the local coordinate System (x, y, z). 

In the Subroutine shown in FIG. 8 for the coordinate 
transformation from the course coordinate System (x, y), 
automobiles that run in inner lanes along a curve of the 
circuit board 12 may be Somewhat decelerated, and auto 
mobiles turn run in outer lanes along a curve of the circuit 
board 12 may be Somewhat accelerated thereby compensat 
ing for automobile Speed differences between the Straight 
road 120 and the circuit road 12. 

In FIG. 3, the circuit road 12 may be divided into road 
models of uniform length at constant distances or intervals. 
The road models of uniform length can easily be searched 
for in the step S41 shown in FIG. 8. 
Two players can compete with each other in a driving 

game which is played using two driving game machines 
each identical to the driving game machine shown in FIG. 5. 
The two driving game machines are connected to each 

other by a communication cable. To allow the two driving 
game machines to communicate with each other, the con 
troller 25 of each of the driving game machines additionally 
has a communication control unit 26 which is indicated by 
the dot-and-dash lines in FIG. 5. 
The communication control unit 26 in the controller 25 of 

one of the driving game machines transmits the coordinate 
data of the position of the player's automobile to the other 
driving game machine, and receives the player's automobile 
controlled by the other driving game machine, i.e., the 
coordinate data in the course coordinate System (x, y) of the 
rival automobile controlled by the other driving game 
machine, and sends the received coordinate data to the 
position decision unit 259. 
The position decision unit 259 determines the positional 

relation between the player's automobile and the rival 
automobile and also the positional relation between the 
general automobiles and the rival automobile, and further 
determines whether the rival automobile which is positioned 
in the preset visible range of the player's automobile. When 
the position decision unit 259 determines a contact or 
collision between the player's automobile and the rival 
automobile, it delivers a collision signal to the image display 
processor 256. 
The movement decision unit 258 determines whether the 

rival automobile exists in front in the same lane as the 
player's automobile or not. When the position decision unit 
259 determines that the rival automobile is positioned in the 
Visible range of the player's automobile, the World coordi 
nate System transformation unit 254 transforms the posi 
tional coordinate data of the rival automobile from the 
course coordinate System (x, y) into the world coordinate 
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System (X, Y, Z). The image display processor 256 displays 
the rival automobile whose positional coordinate data have 
been transformed into the world coordinate system (X,Y,Z) 
on the display monitor 2. 
AS described above, the communication control units 26 

in the controllers 25 of the two driving game machines 
eXchange the positional data of the player's automobiles 
controlled by the respective driving game machines. 
Therefore, the players of the two driving game machines can 
compete with each other in a driving game jointly played on 
the driving game machines, and will find the driving game 
much more interesting. 

Because the positional data of the rival automobile are 
handled as the two-dimensional coordinate data in the 
course coordinate System (x, y), the position decision unit 
259 can easily and quickly determine the positional relations 
and the whether rival automobile is in the visible range of 
the player's automobile. If three or more driving game 
machines are interconnected through their respective com 
munication control units 26, then the number of rival auto 
mobiles involved in a driving game played jointly on the 
driving game machines increases to the point where the 
players will be excited by the driving game as they compete 
with many other rival automobiles Simultaneously through 
out during the driving game. 

The communication control unit 26 may transmit the 
positional coordinate data of the player's automobile in the 
world coordinate system (X,Y,Z) which have been obtained 
by the player's automobile control unit 255, and also receive 
the positional coordinate data of the player's automobile in 
the world coordinate system (X,Y,Z) which is controlled by 
another driving game machine. In Such a modification, the 
course coordinate System transformation unit 253 trans 
forms the received positional coordinate data into the course 
coordinate System (x, y), and then delivers the transformed 
positional coordinate data to the position decision unit 259. 

According to another modification, the interconnected 
driving game machines may be dispensed with their own 
individual controllers 25, but may be controlled by a single 
controller 25 in a centralized control System that governs all 
the driving game machines. In this modified arrangement, 
the Single controller 25 does not need any communication 
control unit 26, but has course coordinate System processors 
252 associated respectively with the driving game machines. 
The Single controller 25 also has the course coordinate 
System processor 252, the course coordinate System trans 
formation unit 253, and the world coordinate system trans 
formation unit 254 for carrying out the same decision and 
transformation processes as described above. 

Although a certain preferred embodiment of the present 
invention has been shown and described in detail, it should 
be understood that various changes and modifications may 
be made therein without departing from the Scope of the 
appended claims. 
What is claimed is: 
1. A driving game machine wherein a player automobile 

is displayed by a display device in a three-dimensional 
depiction along with at least one general automobile on a 
three-dimensional road, the driving game machine compris 
ing: 

three-dimensional data memory means for Storing coor 
dinate data of Said three-dimensional road in a three 
dimensional coordinate System; 

two-dimensional data memory means for Storing coordi 
nate data of a two-dimensional road corresponding to 
Said three-dimensional road transformed to a two 
dimensional coordinate System; 
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12 
player automobile control means for controlling Said 

player automobile on Said three-dimensional road in 
response to input by a player and for generating three 
dimensional player automobile coordinate data repre 
Senting a position of Said player automobile on Said 
three-dimensional road; 

a dimensional coordinate System transforming means for 
transforming coordinate data between said two 
dimensional coordinate System and Said three 
dimensional coordinate System; 

Said two-dimensional coordinate System having a first 
coordinate axis corresponding to a road length of Said 
three-dimensional road and a travel distance of Said 
player automobile on Said three-dimensional road 
being represented in terms of a first coordinate corre 
sponding to a position on Said first coordinate axis, 

an image display processor for driving Said display device 
to produce Said three-dimensional depiction based on 
Said coordinate data of Said three-dimensional road in 
Said three-dimensional coordinate System; 

a course coordinate System processor for controlling Said 
dimensional coordinate System transforming means 
and Said image display processor to produce Said 
three-dimensional depiction; and 

Said course coordinate System processor including a gen 
eral automobile control means for controlling Said at 
least one general automobile on Said two-dimensional 
road and for generating two-dimensional general auto 
mobile coordinate data representing a position of Said 
general automobile on Said two-dimensional road. 

2. The driving game machine as defined in claim 1, 
wherein Said two-dimensional coordinate System has a Sec 
ond coordinate axis corresponding to a transverse direction 
of Said three-dimensional road and a transverse displace 
ment of Said player automobile on Said three-dimensional 
road being represented by a Second coordinate along Said 
Second coordinate axis. 

3. The driving game machine as defined in claim 2, 
wherein Said three-dimensional road is defined in Sections 
corresponding to at least one of a Straight model, a left curve 
model and a right curve model Stored in Said three 
dimensional data memory means. 

4. The driving game machine as defined in claim 2, 
wherein Said dimensional coordinate System transforming 
means transforms said coordinate data of Said three 
dimensional road in Said three-dimensional coordinate Sys 
tem into coordinate data representing a Straight road in Said 
two-dimensional coordinate System Such that a path along a 
centerline of Said three-dimensional road is transformed into 
a Straight line extending in a direction of Said first coordinate 
axis in Said two-dimensional coordinate System along a 
centerline of Said two-dimensional road. 

5. The driving game machine as defined in claim 2, 
wherein Said course coordinate System processor includes 
relative position determining means for determining a posi 
tional relationship between Said player automobile and Said 
at least one general automobile in Said two-dimensional 
coordinate System. 

6. The driving game machine as defined in claim 2, further 
comprising: 

a first road memory means for Storing road model Search 
data correlating positions on Said two-dimensional road 
along Said first axis of Said two-dimensional coordinate 
System with road model identifiers identifying road 
models, 

a Second road memory means for Storing road model 
position data correlating Said road models with posi 
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tions in Said three-dimensional coordinate System of 
Said three-dimensional road; 
third road memory means for Storing road model 
configuration data of Said road models which define 

calculate three-dimensional coordinate data of Said 
player automobile in Said local three-dimensional coor 

14 
dinate System of only Said corresponding one of Said 
road models at a given time based on Said correspond 
ing one of Said road model configuration data and Said 
two-dimensional player automobile coordinate data; 

road configuration in a local three-dimensional coordi- 5 said course coordinate System processor controlling Said 
nate System correlated to Said three-dimensional coor- dimensional coordinate. System transforming means to 
dinate System of Said three-dimensional road by Said calculate three-dimensional coordinate data of said 

d model position data: player automobile in Said three-dimensional coordinate road model p s System of Said three-dimensional road based on Said 
said course coordinate System processor controlling Said 1O three-dimensional coordinate data of Said player auto 

dimensional coordinate System transforming means to mobile in Said local three-dimensional coordinate Sys 
produce three-dimensional coordinate System data in tem and only Said corresponding one of Said road 
Said three-dimensional coordinate System of Said three- model configuration data at Said given time, and 
dimensional road, for producing Said three-dimensional Said course coordinate System processor controlling Said 
depiction showing Said player automobile in a corre- display device to produce Said three-dimensional 
sponding one of said road models, based on a position depiction which shows Said corresponding one of Said 
of Said player automobile on Said two-dimensional road road models with Said player automobile depicted 
by reading Said road model Search data to identify only therein. 
Said corresponding one of Said road models correlated 9. The driving game machine as defined in claim 8, 
to Said position of Said player automobile on Said wherein Said three-dimensional road is defined in Sections 
two-dimensional road and only road model position 20 corresponding to at least one of a straight model, a left curve 
data and road model configuration data for Said corre- model and a right curve model Stored in Said three 
sponding one of Said road models, and dimensional data memory means. 

Said course coordinate System processor controlling Said 10. The driving game machine as defined in claim 8, 
image display processor using Said three-dimensional wherein: Said road model memory means includes: 
coordinate System data in Said three-dimensional coor- 25 a first road memory storing road model search data 
dinate System of Said three-dimensional road to pro- correlating positions on Said two-dimensional road 
duce Said three-dimensional depiction showing Said along said first axis of Said two-dimensional coordinate 

- 0 System with road model identifiers identifying road player automobile in Said corresponding one of Said models: 
road models. s 

3O a Second road memory means for Storing road model 7. The driving game machine as defined in claim 6 - 0 position data correlating Said road models with posi 
wherein said Image display processor displays only Said tions in Said three-dimensional coordinate System of 
corresponding one of Said road models at a given time. Said three-dimensional road; and 

8. The driving game machine as defined in claim 2, further a third road memory means for Storing road model 
compriSIng: 35 configuration data of Said road models which define 

a first road memory means for Storing road model Search road configuration in a local three-dimensional coordi 
data correlating positions on Said two-dimensional road nate System correlated to Said three-dimensional coor 
along Said first axis of Said two-dimensional coordinate dinate System of Said three-dimensional road by Said 
System with road model identifiers identifying road road model position data; and 
models, a said image display processing means transforms said road 
Second road memory means for Storing road model model configuration data of Said Select one of Said road 
position data correlating Said road models with posi- models from Said local three-dimensional coordinate 
tions in Said three-dimensional coordinate System of System into Said three-dimensional coordinate System 
Said three-dimensional road; of Said three-dimensional road using corresponding 
third road memory means for storing road model as data of Said road model position data. 
configuration data of Said road models which define 11. The driving game machine as defined in claim 1, 
road configuration in a local three-dimensional coordi- wherein Said dimensional coordinate System transforming 
nate System correlated to Said three-dimensional coor- means includes: 
dinate System of Said three-dimensional road by Said a two-dimensional coordinate System transforming means 
road model position data; 50 for transforming coordinate data in Said three 

Said dimensional coordinate System transforming means dimensional coordinate System corresponding to a 
transforming Said three-dimensional player automobile position on Said three-dimensional road into coordinate 
coordinate data generated by Said player automobile data in Said two-dimensional coordinate System corre 
control means into two dimensional player automobile sponding to a position on Said two-dimensional road; 
coordinate data in Said two-dimensional coordinate 55 three-dimensional coordinate system transforming means 
System of Said two-dimensional road model; for transforming coordinate data corresponding to a 

Said course coordinate System processor identifying only position on Said two-dimensional road in Said two 
a corresponding one of Said road models based on Said dimensional coordinate System into coordinate data in 
two-dimensional player automobile coordinate data by Said three-dimensional coordinate System correspond 
reading Said road model Search data corresponding to 60 ing to a position on Said three-dimensional road; 
Said two-dimensional player automobile coordinate Said two-dimensional coordinate System transforming 
data and reading corresponding ones of Said road model means transforming Said three-dimensional player 
position data and Said road model configuration data; automobile coordinate data of Said player automobile 

Said course coordinate System processor controlling Said on Said three-dimensional road into two-dimensional 
dimensional coordinate System transforming means to 65 player automobile coordinate data on Said two 

dimensional road in Said two-dimensional coordinate 
System; and 
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Said three-dimensional coordinate System transforming 
means transforming Said two-dimensional player auto 
mobile coordinate data of Said player automobile on 
Said two-dimensional road in Said two-dimensional 
coordinate System into three-dimensional player auto 
mobile coordinate data in Said three-dimensional coor 
dinate System. 

12. The driving game machine as defined in claim 11, 
wherein: 

Said course coordinate System processor includes: 
relative position determining means for determining a 

positional relationship between Said player automo 
bile and Said at least one general automobile in Said 
two-dimensional coordinate System; 

Said relative position determining means including vis 
ible range determining means for determining 
whether Said at least one general automobile is 
within a predetermined Visible range of Said player 
automobile; 

control means for controlling Said three-dimensional 
coordinate System transforming means to transform 
Said two-dimensional general automobile coordinate 
data of Said at least one general automobile in Said 
two-dimensional coordinate System into three 
dimensional general automobile coordinate data in 
Said three-dimensional coordinate System corre 
sponding to a position on Said three-dimensional 
road only if Said visible range determining means 
determines that Said at least one general automobile 
is within a predetermined visible range of Said player 
automobile, and 

control means to control Said image display processor 
to display on said display device said at least one 
general automobile having coordinate data trans 
formed into Said three-dimensional general automo 
bile coordinate data in Said three-dimensional coor 
dinate System. 

13. The driving game machine as defined in claim 11, 
further comprising: 

Said at least one general automobile including a plurality 
of general automobiles, 

Said course coordinate System processor including rela 
tive position determining means for determining posi 
tional relationships between Said player automobile and 
Said plurality of general automobiles in Said two 
dimensional coordinate System; 

Said relative position determining means including visible 
range determining means for identifying individual 
ones of Said plurality of general automobiles that are 
within a predetermined visible range of Said player 
automobile, and 

Said course coordinate System processor controlling Said 
three-dimensional coordinate System transforming 
means to transform coordinate data of Said individual 
ones of Said plurality of general automobiles in Said 
two-dimensional coordinate System into coordinate 
data in Said three-dimensional coordinate System cor 
responding to a position on Said three-dimensional road 
and not transforming coordinate data of other ones of 
Said plurality of general automobiles not included in 
Said individual ones of Said plurality of general auto 
mobiles, and 

an image display processor for displaying on Said display 
device Said individual ones of Said plurality of general 
automobiles having Said coordinate data transformed 
into Said three-dimensional coordinate System using 
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16 
Said coordinate data transformed into Said three 
dimensional coordinate System. 

14. A driving game machine wherein a player automobile 
is displayed by a display device in a three-dimensional 
depiction along with general automobiles on a three 
dimensional road, the driving game machine comprising: 

three-dimensional data memory means for Storing coor 
dinate data of Said three-dimensional road in a three 
dimensional coordinate System; 

two-dimensional data memory means for Storing coordi 
nate data of a two-dimensional road corresponding to 
Said three-dimensional road transformed to a two 
dimensional coordinate System; 

player automobile control means for controlling Said 
player automobile on Said three-dimensional road in 
response to input by a player and for generating three 
dimensional player automobile coordinate data repre 
Senting a position of Said player automobile on Said 
three-dimensional road; 

general automobile control means for controlling Said 
general automobiles on Said two-dimensional road and 
for generating two-dimensional general automobile 
coordinate data representing positions of Said general 
automobiles on Said two-dimensional road; 

a dimensional coordinate System transforming means for 
transforming coordinate data between said two 
dimensional coordinate System and Said three 
dimensional coordinate System; 

Said two-dimensional coordinate System having a first 
coordinate axis corresponding to a road length of Said 
three-dimensional road and a travel distance of Said 
player automobile on said three-dimensional road 
being represented in terms of a first coordinate corre 
sponding to a position on Said first coordinate axis, 

Said dimensional coordinate System transforming means 
including: 
a two-dimensional coordinate System transforming 
means for transforming coordinate data in Said three 
dimensional coordinate System corresponding to a 
position on Said three-dimensional road into coordi 
nate data in Said two-dimensional coordinate System 
corresponding to a position on Said two-dimensional 
road; 

three-dimensional coordinate System transforming 
means for transforming coordinate data correspond 
ing to a position on Said two-dimensional road in 
Said two-dimensional coordinate System into coor 
dinate data in Said three-dimensional coordinate Sys 
tem corresponding to a position on Said three 
dimensional road; 

Said two-dimensional coordinate System transforming 
means transforming Said three-dimensional player 
automobile coordinate data of Said player automo 
bile on Said three-dimensional road into two 
dimensional player automobile coordinate data on 
Said two-dimensional road in Said two-dimensional 
coordinate System; and 

Said three-dimensional coordinate System transforming 
means transforming Said two-dimensional player 
automobile coordinate data of Said player automo 
bile on Said two-dimensional road in Said two 
dimensional coordinate System into three 
dimensional player automobile coordinate data on 
Said three-dimensional road; 

relative position determining means for determining posi 
tional relationships between Said player automobile and 
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Said plurality of general automobiles in Said two 
dimensional coordinate System; 

Said relative position determining means including visible 
range determining means for identifying individual 
ones of Said plurality of general automobiles that are 
within a predetermined visible range of Said player 
automobile, 

Said three-dimensional coordinate System transforming 
means transforming coordinate Said two-dimensional 
general automobile data of Said individual ones of Said 
plurality of general automobiles in Said two 
dimensional coordinate System into three-dimensional 
general automobile coordinate data in Said three 
dimensional coordinate System corresponding to a 
position on Said three-dimensional road and not trans 
forming coordinate data of other ones of Said plurality 
of general automobiles not included in Said individual 
ones of Said plurality of general automobiles, 
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a road model memory means for Storing road models in 

Said three-dimensional coordinate System correlated to 
positions along Said first axis of Said two-dimensional 
coordinate System representing positions on Said two 
dimensional road; 

road model Selection means for Selecting one of Said road 
models corresponding to positions on Said first axis, of 
Said two-dimensional coordinate System, of Said indi 
vidual ones of Said plurality of general automobiles that 
are within Said predetermined visible range of Said 
player automobile; and 

image display processing means for displaying on Said 
display device Said individual ones of Said plurality of 
general automobiles having coordinate data trans 
formed into Said three-dimensional coordinate System 
in Said Selected one of Said road models. 


